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(54) Programmable controller 

(57) This inven1k)n provkies a programmat)le con- 
troller, for increasing capacity of the data memory area 
which a user can use by a page function, without 
increasing access time to the data menmry. The data 
memory 1 in which data is stored is divided into a com- 
mon area 2 and an expansion area 4. Apage specifying 
area 3 for specifying a page in the expanskxi area 4 is 
provided within the comnrxxi area 2. A data in a memory 
card 5 corresponding to the page specified in the page 
specifying area 3 is transfen-ed to the expansion area 4 
for a CPU to access that data And the page can be 
cfianged with a page changing device 6 wittiin tfie mem- 
ory card, therefore it is possible to obtain the memory 
capacity artxtrarily. . 
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Description 

BACKGROUND OF THE INVErmON 

FIELD OF THE INVENTION 5 

The present invention relates to a programmable 
controller (hereinafter, it is called tyy TCT having data 
memory area in which input/output data, calculation 
data and so on are stored, and in particular to a pro- io 
grammat)le controller for easily accessing to the data 
memory area thereof. 

DESCRIPTION OF RELATED ART 

IS 

A PC of conventional art has only a data memory of 
small capacity. However, in recent years, such a PC is 
required that it can process a large amount of data and 
has a function capable of performing complicated con- 
trol. For fulfilling such requirements, it is necessary to 20 
extend or expand data area, for instance, by using a 
data memory of a large capacity. One of method of the 
simplest methods for expandng the data area is to 
increase the memory capacity itself so as to add 
addresses of necessity, as the occasion demands, zs 
However, such way of increasing the memory capacity 
results in expensive product cost Therefore, in the con- 
ventional art, there has been proposed a method for 
expanding the data area by using the menwry effec- 
tively, as shown in Figs. 9 and 10 attached. F^. 9 is for 30 
explanation of the mettiod for expanding the data area 
in the PC. in accordance wrfli the prior art and Rg. 10 
is for explanation of a program of the metiKxJ for the 
data area expansion in the conventional PC. 

As for reference marks used in this specification, as 

marks such as R WR and DR.... indicate a data 

transfer within an internal output area. i.e., within inter- 
nal registers of the PC, while marks X...., WX and 

DX.... indicate in an external I/O area, i.e.. between 
extemal devices of the PC. The marks R.... and X.... 40 
indicate a data in an unit of bit, the WR.... and WX.... a 
data stored in a word, and the DR.... and DX.... a data 
stored in a double word, respectively, and reference 
numerals .... following thereafter are of a sexadecimal 
system. 45 

Conventionally, as shown in Fig. 9. an exparxJed 
area is provided in tine expansion memory, separately 
from the Internal merrwry of a CPU. The internal mem- 
ory can be accessed directty from a user, however, it is 
impossible for the user to access the expanded memory so 
area within the expansion memory directly When the 
user tries to access the data in the expanded memory 
area, she/he rruist once transfer the data to an ordinary 
area of the internal merTv>ry of the CPU t>y inputting a 
transfer command and so on. in advance. On the con- ss 
trary, when tying to write the data into the expanded 
area, she/he must once write the data Into the ordinary 
area of the internal memory of the CPU. and then trans- 



fer the written data to the expanded area t>y using the 
transfer command and so on. 

As a concrete example of this, a ladder program for 
reversing the data in the expanded area will be 
explained by referring to Rg. 10. When a contact RO is 
tomed ON, then ttie data in the expanded area is trans- 
ferred to the ordinary area by a DREAD command for 
reading out. Next, reversing process is earned out in ttie 
ordinary area by a NOT command. Thereafter, the data 
which is reversed by the DWRIT command for writing-in 
is transferred from ttie ordinary area to ttie expanded 
area. 

Further, in the conventional art. in case of such a 
program that ttie CPU 1 1 takes in adata indicating sorts 
f for "2") from an input WXO and a data corresponding 
ttiereto from an input WX1, and it stores the data WX1 
into an area of a page 1 in the expanded area when the 
sort data is "1" or Into an area of a page 2 in ttie 
expanded area when the sort data is *2". respectively, it 
is programmed as is shown In Fig. 11. In this conven- 
tional program, since it necessitates such the command 
512 and 513 for transferring the data between the 
expanded area and the ordinary area as shown in Rg. 
9, It has a drawback ttiat the period for processing ttie 
data transfer takes a fong time. 

In tfie conventional art, the more in the numt)er of 
the transfer data, the fonger ttie time period for data 
transfer in proportional thereto, and furttiermore a part 
of the ordinary area must be secured vacant for the pur- 
pose of storing the data being transferred from the 
expanded area tempaally therein. 

Namely, in the conventional PC in the above, the 
data transfer t}etween the ordinary area and the 
expanded area is necessary to access the data, there- 
fore, there is a protriem that the time perfod taken for the 
data transfer becomes long in proportional to the 
number of tfie data to be transferred. Further, ttie 
secure of vacant area in a part of the ordnary area is 
also necessary for the data transfer, therefore it causes 
a problem of tow eff toiency in utilization of ttie ordinary 
area. 

An exartipl e of the PC with whtoh an I mprovement is 
made on the expansion method of the data memory 
area is disclosed for instance in Japanese Patent Laid- 
Open No. Sho 64-41004 (1989). This PC corrprises an 
internal memory which stores a pro-am for executing 
and processing programs in a functional block, and an 
external memory which stores tiie programs as data, 
wherein smootti data transfer is achieved by a construc- 
tion that includes a software switch for data transfer, 
whx:h executes the data transfer when it detects a 
requirement of exchange of the function block in the 
external memory. 

Witti ttiis technology of this conventional mettiod. it 
is convenient for maintenance, such as adcfition of data, 
alternation thereof, ete., however, it is not yet sufficient 
to resolve the problems mentioned in the above. 

Moreover, an anottier exarrple of the PC witti which 
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an improvement is made on the expansion method of 
the data memory area is also disclosed in such as Jap- 
anese Patent Laid-Open Na Hei 3-255507 (1991). With 
this PC. programs for calculation processing are memo- 
rized in the respective areas In an expanded memory. 5 
and a storing area for transferring and memorizing at 
least one of the programs memorized In the expanded 
memory is provided, in advance, in the memory for 
memorizing an object program of the processor execut- 
ing the calculation processing, thereby the program is 10 
transferred into the storing area when the calculation 
processing is executed on the data of the respective 
areas in the expanded memory. 

With tNs PC, the time for the data transfer becomes 
long In proportional to the number of the data to be is 
transferred arxl it is also necessary to secure the area 
for transfen-ing data from the expanded areas within the 
processor for calculation processing, therefore it is 
impossible to dissolve the problems of the present 
Invention. 20 

SUMMARY OF THE INVENTION 

An object of the present invention, for dissolving the 
problems in the extension methods of the data areas of 2s 
the conventional PC, is to provide a PC (programmable 
controll^) and an extension method for data areas 
thereof, wherein the data amount is increased by 
enlarging substantial area of the memory and making it 
possible to access the extension areas with ease and 30 
high speed, thereby shortening the transfer time of the 
data. 

According to the present invention, for achie\fing the 
object in the above, there is proposed a programmable 
controller comprising: 3S 

a CPU portion (10) having a CPU (11), a program 
menrx>ry (12)and an internal data memory (13); 
an external I/O unit (14) being connected to said 
CPU portion (1 0) and for enat)ling a connection with 40 
a peripheral device; and 

a control I/O unit (15) being connected to said CPU 
portion (10) and for enat)(ing connection with a tar- 
get to be controlled, wherein said CPU (1 1) further 
includes an internal memory (1) in which at least a 4S 
portion of data to be processed is stored temporar- 
ily, and further comprising: 

an expanded memory device (5) being pro- 
vided separately from said internal memory (1 ) so 
and for storing the data to be processed by said 
CPU (1 1), wherein said peripheral device to be 
connected to said external 1/0 unit (14) 
includes a display, CHARACTERIZED in that 
said internal memory (1 ) is divided into a conv 55 
mon area (2), an expansion area (4) and a 
block specifying area (3), that said expansion 
memory device (5) includes a memory area (7) 



which is divided into a plurality of trfocks and 
assigned with a series of numbers thereto, and 
a block changing device (6) for reading out con- 
tents of the block con'esponding to the number 
designated by the block specifying device and 
transferring it to said expansion area (4), arxl 
that said CPU (1 1) conducts operation process 
on the data transferred to said expansion area 
(4). 

Further, according to an preferable embodiment of 
the present invention, there is also provided a program- 
mable controller as described in the above, wherein to 
sakl external I/O unit (14) is connected with a peripheral 
dence (801) having a display, and contents of the bkxk 
In the memory area (7) designated by said block speci- 
fying area (3) is displayed on said display of tfie periph- 
eral device. 

In accordance with the present invention, namely, it 
is possible to expand the capacity of the data area 
freely, dependng ori the user program, arxi the 
expanded area is also can be accessed with high seed 
in the same manner as the convnon area, thereby it is 
so constructed that a large amount of data can be proc- 
essed with high speed. Further, only by a simple opera- 
tion such as of specifying or designating the block, it is 
possble for the user to inaease the capacity of the data 
menrK>ry arbitrarily, which is available for her/him, with- 
out delaying the access speed of the data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a menrx)ry construction of a PC in 
accordance with an embodiment of the present 
inventk)n; 

Rg. 2 shows a tHock diagam of an internal con- 
slructk)n of the PC in accordance with the embodi- 
ment of the present invention; 
Fig. 3 sfK)ws an external perspective view of an 
essential portion of the PC in accordance with the 
embodiment of the present invention; 
Rg. 4 shows an example of program of the PC in 
accordance with tfie emtxxfiment of the present 
invention; 

Rg. 5 shows an another example of the program of 
the PC in accordance with an another embodiment 
of the present invention; 

Rg. 6 shows a system using tiie PC in accordance 
with an another embodiment of the present inven- 
tion; 

Rg. 7 shows data f k>w in the system using the PC 
in accordance with tiie another embodiment of the 
present invention; 

Rg. 8 shows displays on the display screen of the 
system using the PC in accordance witii the 
another embodiment of the present invention, and 
in particular Rg. 8 (a) shows a display for selecting 
bk)Gks and Rg. 8 (b) a display for shelving the oon- 
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tents of a block selected; 

Rg. 9 shows an expansion method of data area in 
the PC in accordance with prior art; and 
Rg. 10 and 11 show a program of expansion 
method of data area in the PC in accordance with 
prior art 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereinafter, detailed explanation of a programma- 
ble controller (hereinafter, it is called only "PCT in 
accordance with an embodiments of the present inven- 
tion will be given by referring to attached drawings. In 
Rg. 2 showing the block cfiagram of the internal con- 
struction of the PC of the present embodiment, the PC 
is constructed with a CPU (central processing unit) 10. 
an external Input/Output (I/O) unit 14. a control I/O unit 
15, and a memory card 5. The CPU 10 includes a pro- 
granunable nieniory 12 and an internal data memory 13 
therein. The CPU 1 1 has an internal menfx)ry 1 for tem- 
porally storing at least a part of data to be processed 
therein. Further, the memory card 5, b«ng provided 
separately from the internal memory 1 and functioning 
as an expansion memory device for storing the data to 
be processed by the CPU 1 1 , includes an expansk)n 
memory 7 to be connected to a bus of the CPU and a 
page changing register 1 7 for changing the bkx:k (called 
as a t)age' In the present embodiment) of the expan- 
SKMi memory 7. Further, the external I/O unit 14 is so 
constructed that peripheral devices including that hav- 
ing a display can be connected to it. and it includes an 
input/output [\J0) interface for taking in user programs, 
etc., and for outputting vartous kinds of information. The 
control I/O unit 15 includes an I/O interface for taking In 
of a concfition signal of a system to be controlled and for 
outputting a control signal. 

The CPU 1 1 is connected through a bus 19 to the 
expansion memory 7 and the page changing register 
17, therefore it can access them to control the data 
transfer thereof. Further, the CPU 11 is also connected 
to the programmat)le memory 12 through the bus. 
therefore, it reads in a ladder commarKi from tfie pro- 
grammable memory 12 to write a page data into the 
page chan^ng register 17 through the bus in accord- 
ance with the command. The page changing register 17 
changes an area to that of the page mtrb&r whfoh is 
written into the expansion memory 7. The CPU 11, 
reading in the next command, accesses the expansion 
memory 7 through the bus 19 so ^ to control the read- 
out and write-in of data of a page area whk;h is preset. 

A nxxlule of the PC of the present embodiment, 
including the CPU therein, has an external view as 
shown in Rg. 3, and is provided on its front surface with 
a slot for nmmting or inserting the memory card 5. 
Namely, the menK)ry card 5 is detachably mounted into 
the sfot, whfoh enable easy exchange of the memory 
card 15. 



An arrangement of the areas within tfie memory in 
accordance with the present embodiment is explained 
referring to Rg. 1. The CPU 11 performs calculation 
processing on the data transfen-ed to the expansfon 

5 area 4. As is shown in Rg. 1. within the CPU 11 of the 
PC is provided an internal data memory 1 which is 
accessible for a user, and the inside of the internal data 
memory 1 is divided into a common area 2 as an ordi- 
nary area of memory, a page specifying area 3 for spec- 

10 ifying a page of the expansion memory as a block 
specifying area, arvi an expansion area 4 for accessing 
the data of the specified page. The memory card 5 as 
an external memory devfoe has a page changing device 
6 for changing the page in accordance with the data of 

15 the page specifying area 3 and a menwry 7 as a varia- 
ble memory. The page changing devfoe 6, as conaetely 
shown in Rg. 2, is cortstructed with a page changing 
register. The memory 7 is divided into a plurality of 
pages to which a series of numbers are assigned. The 

20 memory card 5 can convnunfoate the data with the 
internal data memory 1 within the CPU 1 1 through the 
bus 19 by being nuxinted or inserted into the slot of the 
CPU module. 

Next, an explanation will t>e given on an accessing 

25 method of the data area. The internal data memory 1 is 
assigned with addresses WROOOO through WRFFFF, 
and the addresses WROOOO through WREFFF are 
assigned to the common area 2 and the page specifying 
area 3. The addresses WRFOOO through WRFFFF are 

30 assigned to the expansfon area 4. With the comnrx>n 
area 2 and the page specifying area 3 of the addresses 
WROOOO through WREFFF, they can be accessed only 
by specifying or designating an I/O number of the 
desired data to be taken out, since the I/O number cor- 

36 responds to the data one-to-one. 

On the other hand, with the expansion area 4 of the 
addresses WRFOOO through WRFFFF, it is so con- 
structed tfiat a plurality of data conrespond to an one of 
I/O nurrfoers. For purpose of making the plurality of data 

40 correspond to each one of I/O numbers, the menrxHy 7 
within the memory card 5 are divided into a plurality of 
areas. A control program for the CPU 11 to select one 
among the plurality of areas divided, and access the 
data within the area is stored in the program memory 

45 1 2. In the present entxxliment, the memory 7 is divided 
into (f^l) areas (N: a positive integer) in the inskJe 
thereof, and each of the areas Is called "page" and is 
numbered with a page number of 0-N. When the data to 
t>e taken out ^ stored in page M (M: an integer not less 

50 than 0 and not greater than N), the page number in 
which the data to be taken out is stored, i.e., M is set in 
the page specifying area of the WREFFF. The CPU 1 1 
reads the page numt>er and sets the page to t>e taken 
out into the page cfianging register 6. The page chang- 
es ing re^ster 6 selects out an area corresponding to the 
page number M within the memory 7, and transfers the 
data within the area to the area WRFOOO through 
WRFFFF of the wpansfon area 4. Therek>y. the data of 
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the specified page can be read out by accessing the 
area of the corresponding I/O number in the expansion 
area 4. In case of writing data into the page M, the data 
is written into the page M which is transferred into the 
expansion area 4, and the page Is transferred to an area 
conesponding to the page M within the memory card 5. 

Next a concrete example of program of the PC will 
be explained by referring to Rgs. 4 and 5. Rg. 4 shows 
a ladder program for reversing the data at the top of the 
page 0. This ladder program is such a program that rt 
reverses the data when the 1/0 number RO is tumed 
ON. The page number 0 is written into WREFFF, there- 
after, the data of WRFOOO, i.e.. the data at the top of the 
page 0, is read out, being reversed t)y the command 
NOT. and written into WRFOOO. It is possible to access 
the data in the expansion area easily with ttie two com- 
mands mentioned in the above. 

Fig. 5 shows a program for storing the data which is 
taken out for each of sorts. With this program the CPU 
11 takes in the sort data (1 or 2) from the input WXO and 
the corresponding data from the input WX1, and it 
stores the data into the area of the page 1 of the expan- 
sion area when the sort data is "1 while into the area 
of the page 2 of the eoqaansion area when it is 
respectively. In accordance with the program shown in 
Fig. 5, under the condition of X100 for starting, the CPU 
11 writes the sort data into the page specifying area so 
as to change the page with the command 501. while 
writing the input data at the WX 1 into the specified 
page with the command 502. and renews pointer varia- 
ble of the writing area with the command 503. With the 
present embodment. it is possible to simplify the pro- 
gram and to shorten the processing time therefor. 

An example of application to a control by using the 
PC of the present embodiment is explained by referring 
to Figs. 6 through 8. In this example, the PC is con- 
nected to a measuring device of a system, for example 
a system for mixing ingredents, and the measured data 
depending on kinds of mixtures are nmnitored on a dis- 
play of a personal conrputer which is connected to the 
PC. Rg. 6 shows construction of an ingredient mixing 
system. TTie PC 800 is a PC including is the same com- 
ponents as shown in Rg. 2. i.e., the CPU 10, the exter- 
nal I/O unit 14. the control I/O unit 15 and the memory 
card 16. as shown in Rg. 2. Tbe peripheral device con- 
nected is only a personal conrputer 801 wNch is con- 
nected at the extemall/O unit 14. An object or target of 
the control is an ingredient mixing device (not shown in 
figure), and a measuring device 802 provided in the 
ingredient mixing device is connected at the control I/O 
unit 15. Wrth this system, N kinds of compound feed 
grains are produced from combinations of several tens 
of ingredients, and actual result data with respect to pre- 
set compound rates are displayed on the cfisplay of the 
personal computer. Program for mixing is stored in the 
data memory 13 within the CPU 10 of the PC 800. From 
the personal conrputer 80 1 . only selectfon on the mixing 
condition to be set and selection of the mixing condition 



to be displayed with the actual results thereof are made 
or inputted through the extemal I/O unit 1 4. and from the 
measuring device 802. the actual result data of the rrax- 
ing is inputted through the control I/O unit 15. 

5 Rows of the data in the ingredient mixing system 
win be explained by referring to Rg. 7. In the memory 
card of the PC. one page is assigned for each mixture 
No., and the actual result data of each mixture No. is 
stored in each page, tf the mixture No. is designated or 

10 spedfted from a key-board of the personal computer 
801 . the personal computer 801 sends a set command 
of I/O (i.e., a commarKi for setting an inputted mixing 
No. into WREFFI=) to PC 800. This inputted mixture No. 
is inputted into the page identifying area WREFFF of the 

f5 PC 800 to t>e set as the page number. Wrtti this, in the 
expansion area WRFOOO through WRFFFF of the PC 
800, the data is changed with the page in the menx>ry 
card corresponding to tiie No. which is set in ttie page 
specifying area Next, tiie personal conputer 801 sends 

20 a monitor command of the I/O to the PC 800 and reads 
out necessary data from the expansion area so as to 
process it into a data for display to be incficated on the 
display For showing data of an another mixture No., the 
display is changed to that for the designated mixture No 

25 by inputting new mixture Ho, An example off a display 
appearing on the display screen will be explained by 
referring to Rgs. 8 (a) and (b). Rg. 8 (a) shows a (fispi^ 
for selecting the mixture Na to be displayed with tiie 
actual data thereof. The mixture No. to be displayed with 

30 the actual data is selected by clicking on a mouse or 
inputting from the key-kx>ard. For example, when dis- 
playing the mixture No. 3. the numeral "3" correspond- 
ing to the mixture No. 3 is selected by clicking on the 
mouse, or the numeral "3" is inputted from the key- 

35 board. With this, the display on the display is changed 
with such the display as shown in Rg. 8 (b). In tiiis 
example of the display, also the time when tfie mixing of 
mixture No.3 ts performed, the temperature at that time, 
the pressure, the time period thereof, and weight of 

40 eachof ingredients actually mixed witti are displayed in 
ttie display format as shown. 

Claims 

45 1. A programmable controller comprising: 

a CPU portion (10) having a CPU (11), a pro- 
gram memory (12)and an internal data mem- 
ory (13): 

50 an external I/O unit (14) t>eing connected to 

said CPU portion (10) and for enabling a con- 
nection with a peripheral devfoe; and 
a control I/O unit (15) being connected to said 
CPU portion (1 0) and for enabling a connection 

55 witti a target to be controlled, wherein saki 

CPU (11) furttier includes an internal menxxy 
(1 ) in wNch at least a portion of data to be proc- 
essed is stored temporarily, and further com- 
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prising: 

an expansion memory deince being 
provided separately from said internal 
memory (1) and for storing the data to be s 
processed by said CPU (11). wherein said 
peripheral device to be connected to said 
external I/O unit (14) includes a display, 
CHARACTERIZED in that said internal 
memory (1) is divided into a common area io 
(2). an expansion area (4) and a block 
specifying area (3), that said expansion 
memory device (5) includes a memory 
area (7) which is divided into a plurality of 
blocks and assigned with a series of num- is 
befs thereto, and a block changing device 
(6) for reading out contents of the block 
corresponcfing to the number designated 
by the bkx^k specifying device and transfer- 
ring it to said expanskm area (4), and that 20 
said CPU (1 1) conducts operation process 
on the data transferred to saki expansion 
area (4). 

2. A programmable controller as described in Claim 1. 2s 
wherein to said external I/O unit (14) is connected 
with a peripheral devk^e (801) having a display, and 
contents of the bk)ck in the memory area (7) desig- 
nated by sakJ bkx:k specifying area (3) is displayed 
on saM display of the peripheral device. so 
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